Introduction
The respiratory tract is exposed to a variety of environmental agents in the form of organic and inorganic particles and gases. A better understanding of the structure and function of the normal respiratory epithelium and the mechanisms by which it deals with these environmental agents is crucial to the pathogenesis of diseases such as asthma, chronic bronchitis, emphysema, lung cancer and a variety of occupational lung diseases. It will also provide new insights into the impact of air pollutants both for the individual and for society. In human airways the epithelium is composed of a layer of pseudostriated cells that lines the surface of the airways and the submucosal glands. At least six distinct surface epithelial cell types have been clearly identified in humans: ciliated, mucous, serous, Clara, dense-core granulated and basal cells. Additionally, migratory cells involved in the immune response may pass through the epithelium to the airway lumen or remain within the surface epithelium owing to their interaction with cell surface adhesion molecules which may be up-regulated as part of an inflammatory response. 'Transitional cell' phenotypes may appear especially during irritation or disease. In humans, submucosal glands are present wherever there is supportive cartilage in the airway wall and are composed of a relatively narrow ciliated duct in continuity with the surface epithelium below which is an expanded collecting duct, which receives the secretions from mucous tubules and distal serous acini.
The airway epithelium normally functions as a highly regulated barrier, movement through the paracellular pathway being regulated by epithelial tight junctions at the apico-lateral cell surfaces. Exactly how allergens cross the epithelium in concentrations sufficient to stimulate allergic reactions is at present poorly understood. Equally, the way in which irritants such as cigarette smoke alter tight junction structure and function and increase epithelial permeability requires investigation. Using a human airway epithelial cell line (16HBE140-)
we have developed an in vitro model in which both the functional integrity of the tight junctions and their ultrastructural integrity can be examined in the same cell cultures. 16HBE140-cultures were found to generate a transepithelial electrical resistance of 162 Q cm2. Only 1.1% of a 4000 molecular weight marker molecule (FITC-labelled dextran), 1.00% of a 70 000, 0.35% of 150 000 and 0.2% of 2 000 000 molecular weight marker molecule crossed the cultures in 2 h. Freeze-fracture electron microscopy revealed that the epithelial cultures had extensive and well-formed tight junctional belts. Future studies will apply the model system to airway tissues from patients with asthma and bronchitis to examine the association between the structure and function of these epithelial tight junctions and to provide data that may facilitate the development of novel therapeutic intervention.
We thank Zambon spa (Milan) for their support. The respiratory epithelium is frequently injured by mechanical causes, chemical inhaled toxic agents and bacteria as well as vitamin A or ATP deficiency. Whatever the source of injury, the response of the epithelium to an acute injury is expressed through a succession of cellular lesions varying from the loss of the junctional barrier to the partial or complete exfoliation of the epithelium. The cellular barrier is formed by junctional complexes such as tight junctions which include specific proteins such as ZO, and occludin. Desmosomes are found between the suprabasal cells with hemidesmosomes joining the epithelial cells to the basement membrane. Tight junctions not only restrict the permeability of the epithelium, they also allow the epithelium to become polarized and they regulate the active secretion of ions and fluid. The epithelium becomes more or less 'leaky' in response to acute or chronic injury, as observed in the airway epithelium of cystic fibrosis and asthma. Cellular ATP depletion, which can occur during ischaemia or oxidant injury, alters the integrity of the respiratory epithelium at the interface between basal cells and columnar cells with a disruption of desmosomes and gap junction complexes associated with a depolymerization of F-actin cytoskeleton network and loss of apical expression of apical CFTR expressions and chloride secretion function (Brezillon S et al. J Biol Chem 1997; 272: 27830-27838) . In response to injury, several repair sequences are observed including a progressive re-establishment of the barrier function, cell migration, proliferation and remodelling with a change in cell phenotype and redifferentiation of proliferating cells to a differentiated phenotype (Puchelle E et al. Lung Biol Health Dis 1996; 96: 157-182) . Two main processes are implicated in the airway epithelium wound repair: the spreading of basal cells at the edge of the wounded area and the migration of the upper layer of epithelial cells which moves as a sheet. According to the size of the wounds, the denuded epithelium may be repaired within a few hours to several days. The extracellular matrix proteins, particularly fibronectin and the metalloproteinase gelatinase B, appear critical to the epithelium repair. Even after wound closure, the epithelial barrier function re-establishment is incomplete. Using transmission electron microscopy techniques exploring the penetration of low molecular weight molecules (lanthanum nitrate) through the epithelium or measuring the transepithelial resistance, we could observe that the airway epithelium integrity is generally restored 24 h after wound closure (Herard et al. Am J Respir Cell Mel Biol 1996; 15: 624-632 ) but may be delayed by the presence of virulence factors secreted by Pseudomonas aeruginosa. This is a likely explanation of the particular fragility of the airway epithelium of patients with cystic fibrosis.
Goblet cells: exocytosis and plasticity
D. F. ROGERS
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Goblet cells are the front-line defenders of the airways. Situated apically, and protruding into the lumen, they make the initial encounters with inhaled irritants. Together with the submucosal glands, goblet cells secrete high molecular weight mucus glycoproteins (mucins) which confer on the airway surface fluid the requisite biochemical and biophysical properties which determine the efficiency of entrapment and transportation of inhaled irritants, particles and micro-organisms. Of the nine mucins (AJUC genes) currently identified, MUC 5AC appears to be the major mucin secreted by goblet cells, compared with MUC 5B from the glands. Mucins are tightly packed into the intracellular granules of the goblet cell. Granular discharge (exocytosis) of mucins changes with stimulation from 'constitutive' simple, single granule-apical membrane fusions to compound exocytoses involving intracellular granular fusions to release rapidly vast amounts of mucin. In addition to participating in acute airway defence, goblet cells increase in number in response to chronic airway insult with a resultant increase in mucus output. Triggers for the development of a hypersecretory epithelium include excessive mucus discharge and increased expression of airway mucin mRNA (e.g. MUC 5). Anti-inflammatory and mucoregulatory drugs inhibit the hypersecretory changes. Thus, goblet cells react efficiently to acute airway insult and attempt to increase protection with chronic insult. Following necrosis of type 1 alveolar epithelial cells (EPl), proliferation of type 2 cells (EP2) is an essential first step in repair. 1n vivo, rapid EP2 division after injury such as hyperoxia results in renewal of a normal alveolar wall whereas delayed regeneration after bleomycin injury results in fibrosis and an abnormal epithelial lining. It is postulated that rapid EP2 proliferation and differentiation seen in normal repair may be under local control involving factors derived from the extracellular matrix (ECM) and or the underlying fibroblasts. In culture, rat lung EP2 structure and function are maintained on a matrix of collagen type I or Matrigel, whereas type IV collagen promotes cell spreading; none of these substrates promotes proliferation.
However, an ECM derived from pulmonary vascular endothelial cells induces a rapid burst of EP2 growth followed by cell spreading to a form consistent with EPl after 4 days in culture. The growth phase can be explained by a growth factor bound in the endothelial ECM and activated by metalloprotease present in the EP2. In addition, when these cells are cultured on endothelial ECM on a filter with lung fibroblasts in a lower chamber, an additional growth effect on EP2 is found. This is due to a fibroblast-secreted molecule which was shown to be keratinocyte growth factor (KGF) by antibody blocking studies. These results suggest that, after acute lung injury, EP2 growth may be stimulated by a highly localized dual cytokine system involving (a) a fibroblast-secreted factor consistent with KGF and (b) a growth factor bound in the ECM which also promotes transformation of some cells to the EPl form associated with normal epithelial regeneration. During inflammation and infection, the lung is subjected to an increased proteolytic burden from endogenous and exogenous sources. Pulmonary epithelial-cell-derived anti-proteinases control the action of some of these enzymes, including neutrophil elastase (NE), which has been associated with development of emphysema but which is also elevated in lung secretions from bronchitis, subjects with cystic fibrosis and other conditions involving neutrophil influx. NE can be pro-inflammatory, degrading structural components of lung tissue and activating proteins and pathways that potentiate the inflammatory response. Consequently, it is critical that its activity is strictly controlled to allow optimum action without pathological consequences. Secretory leukoprotease inhibitor (SLPI), a 12 kDa reversible inhibitor of NE, is synthesized by airway and bronchiolar secretory cells. It inhibits elastin-bound NE and transfers the enzyme to a-l proteinase inhibitor (PI; mainly serum derived) for clearance from the lung. We have shown that PI is a poor inhibitor of NE-induced epithelial cell displacement in vitro; addition of SLPI to PI (1:9 molar ratio) markedly improves protection from NE-induced cell damage.
This illustrates the need for combined anti-proteinase action and therapy to control unwanted NE .activity in vivo. Elafin (12-14 kDa) is a related, less well-defined serine proteinase inhibitor which we have found to be synthesized by human alveolar type II cells and epithelial cell lines. Although PI, SLPI and elafin are present in human lung secretions, a significant proportion of the anti-NE activity is unaccounted for; our understanding of the pulmonary anti-serine proteinase defence is therefore incomplete. We recently cloned a novel sheep Kazal-type serine proteinase inhibitor and have now partially cloned the human equivalent. Evidence suggests that this inhibitor is synthesized within the pulmonary epithelium and may account for some of 'missing' NE inhibitor capacity in the lung.
The interaction of drugs with mucus secretions C. MARRIOTT Department of Pharmacy, King's College London, Manresa Road, London S W3 6LX, U.K.
Drugs are not administered in the pure form but have to be formulated to achieve the purpose for which they are intended. This means that other components have to be included and these are conventionally referred to as excipients. The latter have to be subjected to the same toxicological screening as the active ingredient and indeed they may have independent or synergistic actions of their own. For example, it has proven necessary to include excipients that can bring about the absorption of peptide and protein drugs since these often have too high a molecular mass or inappropriate physicochemical properties. Consequently, when investigating the interaction of drugs with airway secretions it is necessary to consider all of the components of the formulation.
Fortunately, most of the formulations used in the respiratory tract are relatively simple, and many of the excipients may not always reach the epithelium. For example, the propellants used in pressurized inhalers or the carriers used in dry powder inhalers do not pass the oropharynx when administered through the mouth but would do so if they were inhaled via the nasal route. Drugs and excipients have been identified that can thin, thicken, increase or decrease secretions. Some of these exert irreversible, and presumably toxic effects whereas others are only transient. The discovery of a new drug often creates the need for an even more sophisticated delivery system with its associated novel excipients. Of these, gene therapy probably represents the greatest challenge and potential hazard at the present time. A research programme, funded by the European Union within the framework of its BIOMED programme, was initiated in 1993 to harmonize and validate the use of pulmonary epithelial cells for the toxicity assessment of foreign chemicals. The concerted action involved eight laboratories from Belgium (Leuven), Germany (Bochum), France (Lille), Spain (Barcelona), Ireland (Dublin), the United Kingdom (Cardiff and Leicester) and Norway (Oslo). Four laboratories from Central and Eastern Europe (Lodz, Poland; Bratislava, Slovak Republic; Sofia, Bulgaria; Budapest; Hungary) also joined the project.
In an initial phase, methods were standardized for isolating, purifying and culturing type 2 pneumocytes from the rat lung, and also from human surgical specimens. The programme started with a 'hands-on' training course and later samples were exchanged, various site visits were made and exchanges of personnel took place.
In a second phase, the in vitro toxicity of various relevant agents (acrolein, cadmium, chloride, 4-ipomeanol, paraquat, parathion, p-xylene) was assessed according to a commonly agreed protocol. The outcome of this validation exercise is that it is possible to harmonize techniques for obtaining satisfactory primary (short-term) cultures of pulmonary epithelial cells and that reasonably similar results can thus be obtained in different laboratories. The programme is now being continued, as Cytochrome P-450 (CUP) enzymes, which probably evolved to mitigate the effects of ingested toxins, are present in all tissues of the body. Members of the CYPlA, CYPZB, CYP2E, CYP2F, CYP3A and CYP4B subfamilies have been found in the lungs of humans and of experimental animals, particularly in the cells lining the alveoli and terminal airways, but the range of individual isoenzymes differs between species. Marked differences are also found between the enzymes present in each type of cell and their expression is modified by exposure to various xenobiotics. Biotransformation of a few of these compounds (notably naphthalene, ipomeanol, butylated hydroxytoluene and the trialkyl phosphorothioates) results in the formation of metabolites which are much more toxic than the parent compound. These metabolites cause cell-specific injury which provides a valuable insight into the sites of enzyme activity. The distribution of lesions is largely consistent with that of the isoenzymes, as demonstrated by immunohistochemistry, but a group of xenobiotics, metabolized by CYP2B, injure only type I cells. Surprisingly, this isoenzyme is also present in type II and Clara cells but, unlike type I pneumocytes, these cells are equipped with the enzyme y-glutamyl transpeptidase (yGT) and thus able to minimize injury by utilizing glutathione from the epithelial lining fluid. Various enzymes, notably glutathione-S-transferase, are known to be secreted into this fluid, having been localized in secretory granules, but CYP and yGT, normally associated with the smooth endoplasmic reticulum and apical membrane respectively, are also present. Elevated levels of these enzymes in bronchoalveolar lavage fluid provide good indicators of epithelial injury: they may also indicate a mechanism for the extracellular biotransformation of inhaled toxins. The increase in mortality, morbidity and hospital attendance is accompanied by relatively small increases in PM10 during pollution episodes, although the biological mechanisms to explain such observations are unknown. In an attempt to explain these phenomena and to try to elucidate the importance of the individual physicochemical natures of particles and damage, a dual approach was adopted. The comparative effects of small masses (1 mg) of diesel exhaust particles (DEP), carbon black (CB) and amorphous and crystalline silica on rat lungs were investigated. The dusts were delivered by single intratracheal instillation and were extensively characterized with respect to physicochemical composition. Morphological and biochemical parameters were then considered in order to determine epithelial damage and repair, inflammation and the distribution of the dusts in the lungs and lymph nodes. Amorphous and crystalline quartz caused transient or progressive effects respectively of epithelial damage, surface inflammation and lung permeability. By contrast, CB and DEP had little effect on these parameters despite being given at a dose that readily translocated the epithelium. The particles were found to drain into the lymphatic system, being particularly sequestered into the lymph nodes progressively with time, probably transported by macrophages. In an effort to determine which particle parameters are important for toxicity, four CBS with different surface chemistry, size, distribution and morphology and four different collections of DEP collected under similar conditions were extensively characterized and then studied in an in vitro system of primary type II and Clara epithelial cells. The resulting TD,,s varied greatly although the CB dusts gave very reproducible assays. Toxicity appeared to be related directly to the mean spherulite diameter, and hence surface area, complexity of surface chemistry and age after collection, with respect to DEP. Dust particles, were found inside both Clara and type II cells at all doses, as confirmed by confocal microscopy, although particle uptake appeared to be linked to the loss of functionality of the cell. This work is funded by MRC. Seven aspartic proteinases are known to be produced in mammals; pepsin, gastricsin, chymosin and renin are all secretory enzymes produced in specific organs. Cathepsin D and cathepsin E are both intracellular, while little is known of the tissue distribution and cellular location of the most recently discovered enzyme, napsin. Whereas cathepsin D appears to be present in the lysosomes of (essentially) all cells, cathepsin E is produced only in certain cells and this is not consistent between species. It appears to be neither a secretory nor a lysosomal enzyme but has been located within the endoplasmic reticulum and endosomal compartments and has been implicated in immune defence mechanisms. The expression of the genes encoding cathepsin D, cathepsin E and napsin was investigated in lung cells. Alveolar macrophages and Clara cells were isolated from the lungs of male CD1 mice and total RNA was extracted from each cell type. Reverse transcriptase-polymerase chain reactions (RT-PCR) were used with pairs of forward and reverse oligonucleotide primers specific for cathepsin D, cathepsin E and napsin respectively to generate individual cDNAs. Cloning and sequencing confirmed the identity and presence of all of these transcripts in both cell types. The relative amounts of each specific message were quantified using real time PCR which monitors PCR product formation by means of the fluorescence change resulting from intercalation of Sybr Green into the increasing amount of DNA being generated. Quantification indicated that the relative amounts of the specific messages for cathepsin E:napsin:cathepsin D were 0 -7.6 ) nM]. In the patients without CF, the concentration of SC was positively correlated with the total IL-8 concentration (r=0.55, P=O.O5); however, this correlation was not found in the patients with CF. Western blot analysis of SC isolated from sputa revealed extensive degradation of this macromolecule in CF samples compared with controls. This suggests that, despite the same apparent concentration of SC as measured by ELISA, effective binding of IL-8 to SC is diminished in CF resulting, in part, in the observed increase in free IL-8 concentration.
BALR
In conclusion, dysfunctional SC potentially contributes to the pro-inflammatory role of IL-8 in CF. 
EXPERIMENTAL
The response of type II cells in culture to substrata [EHS gel (ECM) versus plastic] and plating density (50 000 versus 400 000 in 96 wells) was examined. Cells were characterized by morphological techniques, metabolic peptides-proteins and cell surface markers. The morphological techniques used were observations of cell shape, cell number, cell spreading and the inclusion of lamellar bodies. The metabolic markers assayed were the type II cell marker y-glutamyl transpeptidase (GGT), the epithelial cell marker alkaline phosphatase (AP) and the anti-oxidant glutathione. A further surface marker examined was a monoclonal antibody (RT140) raised to a 40-42 kDa protein found in the membranes of type I cells and not type II cells (Dobbs et al. Biochim Biophys Acta 1988; 970: 1466156) .
RESULTS
The ECM 400 000 cell cultures retained type II cell characteristics for 8 days whereas the 50 000 cell cultures produced predominantly type I, like cells within 4-5 days. GGT and AP were both retained at higher specific activities in ECM dense cultures than on all other cultures. Non-protein sulphydryl (NPSH) levels [PM @g protein) ~ '1 were not affected to the same extent by substrata and plating density but levels increased at 6 days. Paradoxically, levels were highest in the 50 000 and the plastic 400 000 cell cultures. RT140 increased after 2 days in low plating density culture which contained significantly higher levels of this marker by 6 days in culture than the high density culture. These data support the theory that plating density and substrata are of great importance in retention of type II cell characteristics.
This work is supported by EC Biomed programme ERBBMHI-CT92-1229. thereby suggesting production of IL-5 protein by epithelial cells. To our knowledge this is the first report suggesting constitutive expression of IL-5 mRNA and the production of its protein by human airway epithelial cells. IL-5 produced by the airway epithelium may play an important physiological role in the airway mucosa while excess production of IL-5 by these cells may contribute to airway eosinophil accumulation and activation observed in eosinophilic lung diseases such as asthma.
Free Communications
The effect of ultrafine particles and their fine counterparts on glutathione levels in primary isolated rat alveolar macrophages C. DICK AND A. CLOUTER Department of Biological Sciences, Napier University, 10 Colinton Road, Edinburgh EHlO 5DT, U.K.
The aim of this study was to identify whether ultrafine particles were more effective than their fine counterparts at depleting the anti-oxidant glutathione in alveolar macrophages. Depletion of glutathione could be indicative of oxidative stress. Therefore, primary alveolar macrophages were isolated from male Sprague Dawley rats and exposed to fine or ultrafine carbon black (diameter 250 nm and 20 nm, surface area 7.99 m2 g -i and 253.89 m2 g -i respectively), fine or ultrafine titanium dioxide (diameter 250 nm and 20 nm, surface area 6.6 m2 g -' and 49.78 m2 g -' respectively) or quartz. The cells were exposed for 4, 24 or 48 h and then assayed for MTT activity or total glutathione by means of a microtitre plate assay. After 4 11, there was little change in either the MTT activity or the glutathione concentration following exposure to any of the particles. However, at 24 h the cells dosed with ultrafine carbon black appeared to have lost 75% of the total glutathione, despite the lack of toxicity as shown by MTT. Neither carbon black nor the other ultrafine, titanium dioxide, had as great an effect on either glutathione or MTT at 24 h. After 48 h ultrafine carbon black continued to depress GSH levels to 75% of control values but there appeared to be some parallel decrease in MTT activity (50% of control values), which could possibly account for some of the decline in glutathione. Carbon black and ultrafine TiO, had also caused a 50% decrease in GSH. The toxicity of quartz depended on the sample used, and in the case of DQ12 was toxic causing a decrease in MTT activity. Any changes in GSH could be attributed to the cytotoxicity of the sample. Occupational exposure to asbestos is the causative agent in the development of diffuse malignant mesothelioma, but the exact mechanism(s) are unclear. Asbestos has been shown to stimulate the mitogen-activated protein kinase signalling cascade after autophosphorylation of the EGF-R, an event important in regulating the response of cells to extracellular signals. In studies reported here, we have examined whether mineral fibres with known carcinogenicity can be discriminated from nonpathogenic fibres by their ability to up-regulate expression of EGF-R protein in mesothelial cells. EGF-R protein expression was examined by immunocytochemistry in rat pleural mesothelial cells following exposure to a range of mineral fibres. Crocidolite and erionite, two fibrous preparations known to induce mesothelioma, increased expression of EGF-R protein in a time-and dose-dependent manner, whereas milled (non-fibrous) crocidolite and chrysotile asbestos did not. Intense patterns of EGF-R protein expression were linked to mesothelial cells phagocytosing long fibres as observed by phase contrast microscopy. To determine the importance of EGF-R expression in these cells, we assessd cell proliferation using an antibody against proliferating cell nuclear antigen (PCNA) in combination with the antibody to EGF-R. In these co-localization studies, cells showing intense staining for EGF-R protein were also PCNA positive. Our data suggest that carcinogenic fibres induce EGF-R and initiate cell signalling cascades in mesothelial cells leading to cell proliferation and carcinogenesis. Little is known about the mechanisms through which cadmium ions induce changes in the lung and the pulmonary surfactant system in particular. We hypothesized that cadmium ions may affect the pulmonary surfactant system via the Ca2'-dependent surfactant protein A (SP-A). SP-A belongs to a subgroup of the C-type lectins called collectins. This group of proteins consists of oligomers with C-terminal carbohydrate recognition domains (CRD) linked to N-terminal collagen-like domains. The CRD of these proteins contains a Ca2' -dependent specific carbohydrate binding site which binds to glycoconjugates on cells and pathogens. SP-A and also the later discovered surfactant protein D (SP-D) play a role in the immediate response to infectious challenge.
Alterations of intrinsic tryptophan fluorescence suggest binding of Cd2+ to SP-A. Cadmium ions can substitute for some of the properties of calcium ions as is evident from Cd '+-induced SP-A lipid aggregation and Cd2+-induced SP-A self-aggregation.
However, not all Ca2+ -dependent properties are induced by cadmium ions. Moreover, cadmium ions affect some of the properties of SP-A as is obvious from a decreased Ca2' -dependent protection from proteolytic degradation of SP-A and a decreased binding of SP-A to carbohydrates in the presence of both cadmium and calcium ions. A 14-day alveolar macrophage culture was used to study the production of cytokines and free radicals following exposure to asbestos fibres. We sought to differentiate the cellular responses to UICC crocidolite asbestos, a fibre that causes mesothelioma, and to UICC chrysotile B, a fibre that does not. Macrophages were obtained by bronchoalveolar lavage from F-344 rats. After adherence for 2 h in 96-or 24-well plates, fibres were added at 5 or 25 ,ug ml ~ i. At specific time points, we measured tumour necrosis factor a (TNF-a), interleukin lp (IL-lp) and interleukin 6 (IL-6) levels in culture supernatants. Additionally, we analysed the propensity of alveolar macrophages to produce superoxide anion and nitric oxide. Following exposure to crocidolite, levels of both TNF-a and IL-lp were significantly elevated over amounts produced by untreated cells. There was a gradual and continuous increase over the duration of the culture. In contrast, following exposure to chrysotile no significant increase in levels of TNF-a or IL-~/J' was observed. IL-6 levels were unaffected by either fibre. Cells treated with chrysotile showed significantly increased superoxide anion production from day 9. Furthermore, the effect was dose dependent, observed after treatment with 25 pg ml ~ ' chrysotile but not with 5 hug ml -I. Similarly, nitric oxide production was significantly elevated in cells treated with chrysotile at a concentration of 25 pug ml -' from day 4, but not in cells treated with 5 pg ml ~ '. No significant amounts of superoxide anion or nitric oxide were measured in cells treated with either 5 or 25 pg ml -' of crocidolite. By extending the duration of alveolar macrophage culture from l-3 days to 14 days we have been able to show a differential response of alveolar macrophages to the two forms of asbestos. We have previously demonstrated increased levels of endothelin-1 (Et-l) in lungs of patients with pulmonary fibrosis (PF) and bleomycin (blm) induced PF in rats. In rats, elevation of Et-l levels occurred prior to an increase in collagen content and co-localized with developing fibrotic lesions, suggesting a potential role for Et-l in the pathogenesis of PF. To investigate further the role of Et-l in regulating collagen deposition in PF, we investigated the effect of a mixed Et, and Et, and an Et, receptor antagonist, Bosentan and BQ485 respectively, on collagen deposition in the lungs of 7-8 week Lewis rats intratracheally instilled with blm (1.5 mg kg -I). Bosentan (100 mg kg -') was administered daily by gavage commencing 24 h prior to blm treatment and continued until the animals were killed, 3, 7, 14 and 21 days after blm administration. BQ485 was administered by minipumps (7.5 mg daily in 50~1 saline) implanted subcutaneously 24 h prior to instillation of blm and continued until the animals were killed 14 days after blm treatment. The relationship between chemical dose of N-nitrosodiethylamine (NDEA) and level of adduct in target and non-target tissues in three strains of mice of differing susceptibility to lung tumours was investigated with the aim of determining whether individual strain differences in formation and persistence of adducts at a given dose level were predictive of tumorigenic outcome. SWR, BALE/c, and C57BL/6J mice of high, medium and low lung tumour susceptibility were exposed to two doses of NDEA [15 or 90 mg (kg body weight) -'1. Control animals were treated with saline alone. N-7 ethylguanine (N-7EtG) and O6 ethylguanine (06EtG) adduct levels as well as alkyltransferase (ATase) enzyme levels were determined in target (lung) and non-target (liver) tissue. Further groups of mice dosed with the same regime had urine samples collected 24 h post-dosing and were then left up to I8 months to allow for the development of tumours. N-7E:G and 06EtG adducts were determined in liver and lung by an immunoslot-blot procedure (ISB). Modification of this ISB method has improved the sensitivity of detection by approximately IO-fold. Significantly higher N-7EtG and 06EtG DNA adducts levels were found in the C57BL/6J lung at early time points following carcinogen exposure. 06EtG adducts (mutagenic lesion) were more rapidly removed from the liver than the lung. No significant differences in ATase levels were found between the three mouse strains to explain differences in tumour outcome. Lung tumour multiplicity increased with the administered dose of NDEA in the three mouse strains. SWR mice contained the highest tumour multiplicity; this was slightly lower in BALB/c mice while C57BL16J had a low multiplicity. Lung tumour incidence was high in SWR and BALB/c mice at both doses given while C57BL/6J resulted in a dose-dependent increase in tumour incidence. These results suggest that a complex relationship exists between mutagenic adduct levels and tumour outcome. The non-ciliated bronchiolar or Clara cells are a major site of cytochrome P-450 mono-oxygenases. The active role of these enzymes in both detoxification and metabolic activation of xenobiotics may explain why this cell type represents a target site for a number of inhaled chemicals in the lung. Primary cultures of Clara cells are being used to screen toxic effects of chemically diverse pulmonary toxins. The functional Clara cells may be specifically identified by the high level of NADPH dependent nitroblue tetrazolium (NBT) reductase activity. In previous reports, Clara cell damage has been assessed by the loss of NBT activity. However, this method, based an differential cell counting, is not easy when processing a large number of samples and the assessment of positive cells can be difficult,
The %cyano-2,3-ditolyl tetrazolium chloride (CTC) is another tetrazolium salt that generates a fluorescent formazan on reduction by an NADPH cytochrome (P-450) reductase. CTC reduction has been widely used as an index of metabolic activity in bacteria. In mouse Clara cells we have set up a new assay to evaluate cytotoxicity based in CTC reduction.
In 24 h cultured cells the paraquat toxic effects (from lo-to 10K3 M) were evaluated by CTC and NBT assays. Data from each method were analysed by fitting a curve by non-linear regression. Direct comparisons between both methods were carried out by comparing the two curves. For the NBT method a midpoint cytotoxicity concentration (IC,,) of 1.4 x 10 -5 & 0.5 x 1O-5 M (n=5), a slope value of -2.7 + 0.6 and a top value of 88.7 * 4.6 were obtained. Using the CTC method an IC,, of 1.3 x 10 -5 f 0.7 x 10 -' M (n=4), slope value of -2.0 * 0.4 and a top value of 96.0 i 8.1 were obtained. No significant differences were found between curves when the three parameters were compared by the Student's t-test.
In conclusion the described CTC method can be used as an alternative assay that allows a rapid quantification of chemical cytotoxicity on Clara cells, avoiding the differential cell counting. Exposure of cells to particles such as asbestos and quartz results in the simulation of the DNA binding activities of the transcription factor nuclear factor KB (NF-K-B). NF-KB binds to specific promoter sites and activates gene transcription of a variety of cytokines and cell-cycle-regulating factors that are considered to play an important role in the pathogenesis of particle-induced lung disorders. Activation of NF-KB is controlled by sequential phosphorylation, ubiquitination, and degradation of its inhibitors such as 1~ Ba (IKB). The gene encoding IlcB is under NF-KB control and could therefore provide a crucial negative feedback loop to terminate the particle-induced NF-KB response. To test this hypothesis, we are currently examining the kinetics of IrcB degradation and restoration in human alveolar epithelial cells (A549) exposed to various particles, including quartz (DQ12), TiO,, carbon black and ultrafine carbon black. 1~B is measured using Western blot with a specific anti-IlcB antibody, tumour necrosis factor a (TNF-a) caused a rapid and complete loss of the IlcB protein within 15 min followed by a complete restoration within 24 h; treatment with particles was found to result in a slower and only partial degradation of 1~B. On an equal mass basis, the strongest particle-elicited effects on 11cB depletion were observed for quartz, while the effect of ultrafine carbon black particles exceeded the effect of carbon black. Combined treatment of cells with particles and TNF showed marked differences in synergistic actions towards TNF-induced IlcB loss among the different particles, and preliminary data suggest that some of these particles may be involved in a rapid up-regulation of IKB. Our initial results indicate that intrinsic differences in particle characteristics are responsible for the extent of particle-elicited IlcB degradation as well as its subsequent restoration, and as such the resulting net chronic effects of NF-rcB-mediated cell responses. Further experiments should contribute to our understanding of the substantial differences in inflammatory and/or carcinogenic hazards observed for different types of particles in the respiratory tract.
This research is supported by the Colt Foundation. and calcium binding proteins which are normally responsible for the maintenance of a low cytosolic calcium concentration are sensitive to oxidants, and hence an oxidative stress may lead to an increase in cytosolic calcium. Calcium activates transcription factors such as NF-KB which control the expression of pro-inflammatory genes. The human monocyticmacrophage cell line Mono Mac 6 (MM6) was loaded with the calcium-sensitive fluorescent dye fura using the membrane permeable form, fura2-AM.
The cells were washed with PBS and resuspended in medium and fluorescence at 510 nm after excitation at 330 and 380 nm was used to measure cytosolic calcium. As anticipated, treatment of MM6 cells with thapsigargin, an endoplasmic reticulum (ER) Cazt -ATPase inhibitor, induced an increase in cytosolic calcium from 50 It 5 nM to 408.6 * 3.8 nM in 3-5 s. Treatment of the MM6 cells with UF CB (14 nm diameter; 67pg ml ~ ') for 30 min induced an increase in cytosolic calcium to 100 & 5 VM. Treatment of the MM6 cells with thapsigargin subsequent to UF CB exposure led to an increase in cytosolic calcium to 1844 * 39.91 nM which was 4.5 times greater than the response to thapsigargin in the absence of UF CB. Neither fine CB (260 nm diameter) nor quartz (both 67 pug ml ~ ') altered either the resting cytosolic calcium concentration or the response to thapsigargin. These results suggest that UF CB induced an increase in the size of the thapsigargin-sensitive calcium store in the ER. Treatment of the MM6 cells with the plasma membrane calcium channel blocker verapamil prevented the increase in the size of the thapsigargin-sensitive calcium store by UF CB. We conclude that UF CB, but neither fine CB or quartz, induced an increase in the entry of extracellular calcium via voltage-sensitivie calcium channels; this calcium was immediately sequestered into the ER. An increase in intracellular calcium could allow activation of specific transcription factors which would lead to the expression of pro-inflammatory genes.
Nasal 
MATERIALS AND METHODS
Dissociated human nasal epithelial cells from nasal polyps were cultured in the sequential monolayer-suspension culture. The medium used was DMEM-Ham's F12 (l/l) supplemented with either Ultroser G (2V') o or NU Serum (10%). In suspension culture, serum free hormone supplemented medium was also tested. Mucin secretion was measured after incorporation of tritium-labelled glucosamine and fractionated on sepharose column (Cl-4B). The V, fractions were treated with hyaluronidase to exclude hyaluronic acid, which accounts for approximately 50% of the labelled glycoconjugates.
Results are expressed as counts per minute (cpm) per cell.
The secretion was compared at different time points, in different culture conditions and media.
RESULTS
1. The initial mucin production in monolayer culture varies from 10K3 to 30 x 10 -3 cpm per cell depending on the density of cell plating. 2. In monolayers, mucin production and secretion progressively decreased to less than 1 x 10 -4 cpm per cell after 34 weeks. 3. In suspension culture mucin production progressively increased up to a plateau level of (45 & 5) x 10 ~ 3 cpm per cell from the third week onwards. This is time related to the process of ciliogenesis. 4. The mucin production also depends on the serum derivative: in serum free hormone supplemented medium the amount of mucins is lo-20-fold less than in serum supplemented medium (Ultroser G or NU Serum).
CONCLUSION
After redifferentiation during suspension culture nasal epithelial cells regain the ability to secrete increasing amounts of mucins into the medium to a level higher than that obtained in monolayer culture. CD44 isoforms, containing exon v3 (CD44v3) were chosen for study because they can be modified with heparan sulphate moieties, enabling them to bind to heparin binding growth factors which may also be important in repair.
Posters
In vitro models are being used to investigate the functional role of CD44 in bronchial epithelium. SDS-PAGE followed by Western blotting of cell lysates from two human bronchial epithelial cell lines, 16HBE 140-and NCI-H292, revealed expression of multiple CD44 isoforms (80-220 kDa) by probing with a pan-CD44 antibody. In contrast only two bands, in the range 200-220 kDa, could be detected using a CD44v3 specific antibody. Immunocytochemical staining revealed that the majority of the cellular CD44 was localized to the plasma membrane with little cytoplasmic staining. Flow cytometry analysis revealed that surface levels of CD44v3 decreased as cell density increased. Neither the presence of serum nor epidermal growth factor (EGF) in the culture medium significantly affected surface CD44 levels, however proliferation studies showed no effect of these agents on growth of the cells.
CD44 is known to interact with actin of the cytoskeleton via ERM proteins (ezrin, radixin and moesin). One mechanism that has been shown to influence these interactions is phosphorylation of ezrin which may be catalysed by the EGF receptor. In untreated cells ezrin and moesin showed a diffuse, cytoplasmic distribution.
After treatment with EGF ezrin was found to be redistributed to the perinuclear region whereas moesin was localized to the plasma membrane. As heparin binding EGF (HB-EGF), another ligand for the EGFR, is known to bind CD44v3 via its heparin sulphate domain (Bennett KL et al. J Cell Biol 1995; 128: 687-698), it is postulated that the co-localization of this ligand at the cell membrane might provide a mechanism for recruitment and local regulation of the cytoskeleton by the EGF receptor. These interactions might lead to changes in cell adhesion, motility and morphology which might be important in the repair of damaged cells. Retinoic acid is an active inhibitor of squamous metaplasia and decreases the cell proliferation of airway epithelial cells. Biological effects of retinoic acid are mediated by two nuclear receptor families (retinoic acid receptors RARa, -/3 and -y and retinoic X receptors RXRa, -p and -y). We analysed the effects of synthetic retinoids, selective ligands with high affinity for one type of receptor, on differentiation and proliferation of normal epithelial airway cells in primary cultures. Rabbit tracheal cells and human nasal epithelial cells were cultured in the presence of selective antagonists of RARa, RARP and RARy. Retinoid effect on squamous metaplasia was assessed by characterization of cytokeratins by Western blotting. The RARa agonist CD336 and the RAR/3 agonist CD2019 suppressed the expression of cytokeratins 13 and 4, specific markers of squamous metaplasia expressed in untreated cells, as well as in cells treated with the RARy agonist CD437.
Cell treatment with CD437, an RARy agonist, induced the arrest of growth and the apoptotic process. An electron microscopic study showed chromatin condensation and nuclei fragmentation. Quantitative analysis by flow cytometry confirmed the dose-dependent CD437 induced apoptosis. Immunofluorescent labelling of squamous cells with anti-keratin 13 revealed that squamous cells did not correspond to the apoptotic target of CD437. Thus, cells were pulse labelled with BrdU just before or at the end of CD437 treatment and sequentially fixed. S-phase cells were detected by immunofluorescence using an anti-BrdU monoclonal antibody. When BrdU pulse labelling preceded CD437 treatment, BrdU-labelled apoptotic fragments were formed after 6 h of treatment and increased in number until 24 h, while normal labelled nuclei decreased. When BrdU was added at the end of treatment, its incorporation was blocked after 6 h, indicating that the entry in S-phase was prevented. These data showed that CD437 arrested the cell cycle in the Gl-phase and eliminated the S-phase blocked cells by an apoptotic process.
In Diesel engine cars emit soot particles of respirable size which are composed of carbonaceous cores and adsorbed compounds such as polycyclic hydrocarbons (PAW). Our purpose is to study the potential toxicity of diesel exhaust particles (DEP) on the respiratory epithelium, the first cellular target of inhaled particles, by using cell culture systems of human nasal and bronchial epithelial cells.
DEP induced membrane damage of bronchial epithelial cells, evaluated by the LDH release assay, without a significant mortality, evaluated by the Trypan blue exclusion assay after 48 h of treatment at 10 pug cm-'. Transmission electron microscopy revealed that DEP were endocytosed in large vacuoles and could translocate through the epithelial cell sheet. Flow cytometric measurements of right-angle light scatter established the dose dependency of this phagocytosis which can be quantified from 4 h of exposure.
Furthermore, DEP treatment of bronchial epithelial cells led to an increased release of the pro-inflammatory cytokines GM-CSF and IL-8 after 24 and 48 h of exposure whereas carbon black particles devoid of PAH have a clearly lower effect although they are also phagocytosed. GM-CSF release after 24 h was 0.457, 0.936 and 0.057 pgpg -' DNA respectively in carbon black DEP treated and control cultures. Electrophoretic mobility shift assays have shown that DEP but not carbon black increases the DNA-binding activity of NF-h-B in bronchial epithelial cells from 2 to 15 h of exposure. These results suggest that DEP are phagocytosed by epithelial cells at distinct levels of the respiratory tract and induce a specific inflammatory response. Research on the involvement of oxidative stress and protein kinases in the signal transduction pathway leading to transcription factor NF-KB activation and to cytokine release in progress. This study was supported by Ademe and Renault (DIMAT). Asthma is a disease characterized by airway remodelling, which involves epithelial damage and subepithelial fibrosis. Endothelin (ET) is a central mediator in asthma and has pro-inflammatory and pro-fibrotic effects on several cell types. ET is produced by endothelial cells and also by other cell types including epithelial cells; however, there is little published information on the autocrine effects of ET from epithelial cells. We have begun to characterize two human bronchial epithelial cell lines and mouse lung tissue, in terms of ET synthesis and receptors, and to identify the role of ET in inflammation and injury repair, using immunocytochemistry, ELISA and PCR. We have demonstrated ET localization by immunocytochemistry in the epithelial cell lines 16-HBE14o-and H292. This ET immunoreactivity is increased after mechanical damage of the cells, at 30 min and continuing to 24 h after damage, particularly in the cells at the wound edge. ELISA assays also showed up-regulation of ET in supernatants from 16-HBE14o-cell cultures after damage or treatment with pro-inflammatory cytokines: after 24 h, control cells 25.8 pg ml-' ET; damaged cells 54.47 pg ml-i ET; IFN (100 units ml ~ ')+TNF-a (100 units ml -i ) 54.32 pg ml ~ i ET. ET mRNA was detected by PCR in lung homogenates from Balb/c mice challenged with PBS or ovalbumin at several time points after challenge (1 h, 7 h, 24 h, 48 h). ET was also found in mouse lung airway epithelium by immunocytochemistry.
ET may serve as a marker of ongoing cycles of epithelial injury and repair in the human lung. Paracetamol liver and kidney cytotoxicity is associated with cytochrome P-450 and prostaglandin synthetase mediated paracetamol bioactivation to a reactive metabolite, which depletes reduced glutathione (GSH), covalently binds to proteins and leads to oxidative stress. Although paracetamol may also damage the lung (Baudouin SV et al. Thorax 1995; 50: 399402) little is known about the mechanism by which this occurs. We, therefore, studied the in vitro toxicity of paracetamol and its effect on intracellular GSH level in primary cultures of rat type II pneumocytes (TII), either immediately after isolation, or 24 h after plating, and alveolar macrophages (AM). Cytotoxicity was evaluated by changes in membrane integrity (LDH assay) as well as by mitochondrial metabolic activity (reduction of MTT), following a 20-h incubation with paracetamol (0.5-20 mM). The reduction of MTT was significantly decreased at 2 5 mM paracetamol in freshly isolated TII and AM, and at 2 10 mM in 24-h old TII. Paracetamol caused a significant decrease in LDH retention in the fraction of attached cells in freshly isolated TII, AM and 24-h old TII at 2 10 mM, 2 15 mM and 20 mM, respectively. These results show that freshly isolated TII cells are more sensitive to paracetamol-induced toxicity, than AM and 24-h old TII. A concentration-dependent decrease of intracellular GSH occurred in freshly isolated TII and AM during a 2-h exposure to subtoxic paracetamol concentrations (0.01-l mM). In 24-h old TII the basal level of intracellular GSH was significantly higher than with freshly isolated TII. The most likely mechanism for the lower paracetamol toxicity in 24-h old TII is a decreased rate of reactive metabolite formation and an increase in GSH concentration with the time of culturing. These observations have demonstrated that (i) freshly isolated TII and AM are sensitive to paracetamol-induced toxicity and (ii) Raising intracellular CAMP or cGMP concentration may protect against ischaemiaareperfusion injury in the lungs. The selective phosphodiesterase (PDE) inhibitors can raise intracellular cyclic nucleotides, e.g. PDE IV inhibition raises CAMP and may attenuate neutrophil activation whereas PDE V inhibition raises cGMP leading to vasodilation. We compared the protection seen if a non-selective inhibitor (theophylline) or a selective PDE type IV (Rolipram), or V (Zaprinast) inhibitor was added to St Thomas' Hospital solution (STH) used for hypothermic flushing and storage of rat lungs. Rat lungs were excised, perfused at 3°C via the pulmonary artery (15 ml min -') with bicarbonate buffer (BB) containing rat blood (4:1, by volume) and ventilated (tidal volume: 2-2,2ml, 80 breaths min -'). The pefusate entering the lung was deoxygenated by gassing with N,. Compliance (tidal volume to tracheal pressure ratio) and gas exchange (difference in 0, in perfusate entering and leaving the lung) were measured. After 20 min control perfusion, lungs were flushed with cold (4°C) STH or STH plus PDE inhibitor and immersed in the same solution for 8 h. After storage, lung function was assessed at the end of a 40 min (37°C) reperfusion period. Compliance (ml cmH,O ~ ') and gas exchange (AO,, mmHg) at the end of the reperfusion periods are shown in Table 1 Low molecular weight anti-oxidants in the airway surface liquid (ASL) are believed to protect the respiratory epithelium from free radical attack. It is known that these anti-oxidant pools can become depleted following exposure to oxidant pollutants. ASL anti-oxidant levels become repleted in time; however, the mechanisms involved have not been established. We investigated the permeability of uric acid (100 pM and 200 ,UM) and reduced glutathione (400 ,UM and 550 ,UM) in the guinea-pig trachea. At the doses studied, none of the compounds significantly improved gas exchange on reperfusion. Rolipram appeared to be the most beneficial, in that it alone significantly enhanced lung compliance after reperfusion.
Guinea-pigs were anaesthetized by injection of pentabarbitone and the trachea was excised and mounted in a jacketed organ bath containing Krebs-Hensleit buffer (KHB) at 37°C. A cannula inserted into the tracheal lumen allowed for the introduction and withdrawal of KHB for sampling as required. Three 15-min washout periods were followed by exposure, abluminaly, to a solution of one of the anti-oxidants for 15, 30, 60 or 120 min. Samples were taken of both luminal and abluminal fluids at each time point and stored at -80°C for later analysis by HPLC (uric acid) or by a calorimetric enzyme kinetic assay (glutathione).
From these measurements the flux of anti-oxidants from the bathing solution to the luminal solution was determined and permeability coefficients were calculated according to the equation P -(aq/&)AC S where P is the permeability coefficient (cm s), S is the surface area (cm"), AC is the concentration difference across the barrier (,uM) and 6ql6t is the flux of the antioxidant (uM s).
The concentration of anti-oxidants measured in the lumen of the trachea was dependent on both exposure time and applied concentration.
Thus, similar values for the permeability coefficient were obtained at all time points and concentrations for a given anti-oxidant suggesting that, under the conditions studied, no saturable mechanisms were involved in transport of these compounds across the trachea. From the calculated fluxes at each time point and concentration studied an overall permeability coefficient was calculated of 2.76 x lop7 X!C 3.78 x lo-a cm s (mean & SE, rz=67) for uric acid and 4.02 x lo-" X!Z 3.51 x 10V7 cm s (mean&SE, n=68) for reduced glutathione.
The permeability coefficient for uric acid is close to that expected for a water-soluble molecule moving passively and paracellularly across the epithelium; however, the permeability coefficient for glutathione is higher than expected for a hydrophilic molecule, possibly suggesting the existence of some facilitated or active transport mechanism. 1995; 12: 385-395) . The barrier properties of the cell layer were studied by measuring transepithelial electrical resistance (TER) and mannitol flux across the cells. Apparent permeability coefficients (Papp) were calculated for mannitol using Papp=(dQ/dt)lAC,, where dQldt was the transport rate, A was the surface area of the cells and C, was the initial concentration in the donor chamber. Mucus was detected using an enzyme-linked lectin assay (ELLA) adapted from the method of A. Haq (PhD Thesis, University of London. 1996) and periodic acid Schiff (PAS) staining. The effect of a purinergic secretagogue, the stable adenosine triphosphate analogue 5' adenylyl imidodiphosphate (ANP-PNP), on mucus secretion and epithelial cell barrier properties was assessed.
Effect of purinergic
Experiments were performed at day 13 after seeding the cells at a density of 8 x lo5 cells cm -2; TER = 112 & 14 SZcm ~ 2 and mannitol Papp=(6.56 * 0.58) x lo-' cm s-' (n=6). PAS staining revealed mucus to be associated with the surface of the cells. The ELLA showed a linear response to porcine gastric mucus standards in the range 5-50 ng ml-r and was used to measure mucus secretion in the apical bathing solution.
Mucus secretion under control conditions was 12.24 it 151 ng hh' cm-* (n=6). The add' ition of ANP-PNP (100 pM) increased the secretion to 27.40 f 0.51 ng h -' cm -* (n=6) without affecting the TER or flux of mannitol.
The SPOCl cells offer the opportunity to study drug transport across an airway epithelial cell line in which mucus secretion can be stimulated. As expected DQl2 and Cri produce sustained increases in all parameters whereas an early permeability change induced by Crilo is only transient. The feldspar, Ano, which is the major mineral component of Ml and M2, exhibits low bioreactivity. Similarly, respirable MI/M2 volcanic ashes, despite containing lo-20% cristobalite, produce little inflammation, change in lung permeability or evidence of damage to the lung epithelium. This directly contrasts with the reactivity of equivalent masses of pure Cri or Cri/o. This work is funded by a Royal Society grant to R.J.R.
Epithelial
Expression of TGF-fi isoforms during repair of bronchial epithelium W. J. HOWAT AND I? LACKIE University Medicine, Southampton General Hospital, Southampton SO16 6YD, U.K.
Repair of the bronchial epithelium is an ongoing process in asthmatics, where more epithelial cells are in a repair phenotype than is the case in normal subjects. Thus, the mediators produced by repairing epithelial cells are of particular interest. Following mechanical damage of confluent cultures of two epithelial cell lines, 16HBE 140 ~ and H292, mRNA and protein expression of TGF-P isoforms were studied. In 16HBE 140~ cultures, epithelial damage was repaired within 48 h, with mRNA expression of TGF-/?* and TGF-& increase in damage compared with undamaged cultures up to 72 h after damage. Protein expression, as measured by ELISA, showed a peak in the concentration of TGF-B, and TGF-P, at 48 h, thereafter decreasing. Cultures of H292 cells repaired mechanical damage more quickly than 16HBE 1400 -cultures (within 24 h), but also showed an increase in the levels of all three TGF-P isoforms. However, this increase only lasted until 48 h after damage. TGF-/i', protein expression in H292 cultures also peaked earlier (at 24 h), while that for TGF-P2 peaked at the 72 h time point.
These results indicate that bronchial epithelial cells derived cell lines release all three TGF-8 isoforms during the repair process. This release of TGF-p may have an effect on epithelial cell growth, differentiation and remodelling of the extracellular matrix induced by underlying fibroblasts, a phenomenon observed in chronic asthmatics. Previous toxicological investigations have shown that a variety of noxious gases can affect the surfactant lining fluid of the lungs (Nold JB et al. Inhal Tox 1991; 3: 123-137) . This can compromise lung function and cause pulmonary oedema. Transmission electron microscopy has been applied to observe the ultrastructure of rat lung type II epithelial cells whose vital functions include the secretion of alveolar surfactant lining fluid. Samples were taken from animals exposed to the chemical oedemagens perfluoroisobutylene (PFIB) and phosgene. We have applied image analysis techniques to a series of micrographs of sectioned cells at varying time points, to try to identify any changes occurring in the cross-sectional areas of the type II cells or of their surfactant-containing lamellar bodies. Type II cells were distinguishable by their characteristic shape, position within the alveoli, surface microvilli and the distinctive osmiophilic whorls of surfactant contained within their lamellar bodies. The ultrastructural appearance of cells from controls and exposed animals is reported. Some alveolar type II cells from both PFIB and phosgene exposed animals (LCt30) showed evidence of cytoplasmic vacuolation within 30 min of exposure. By 24 h following exposure to PFIB, the cross-sectional area of sectioned type II cells had more than doubled in size with a concomitant increase in surfactant content, Similar surfactant area increases were seen at 24 h following phosgene exposure. By correlating the observed type II cell ultrastructure with reported histopathological and biochemical changes of the surfactant system it is hoped to increase our understanding of the complex processes leading to chemically induced pulmonary oedema and lung damage. In so doing it may be possible to develop therapeutic strategies against poisoning by these gases. We have previously shown that ultrafine carbon black particles (UFCB) and PM10 (particulate matter of lOpurn) generate an oxidative stress and decrease lung glutathione levels, probably through an oxidant-mediated mechanism. Exposure to inflammogenic particles such as asbestos and silica has been shown to up-regulate the DNA binding of nuclear factor I~B (NF-KB), a redox-sensitive transcription factor known to bind to KB consensus sites within various pro-inflammatory genes. We therefore investigated whether particles such as carbon black could induce NF-KB activation in human lung epithelial cells (A549 cells). As shown previously for other cell lines, our results show that exposure of A549 cells to ultrafine titanium dioxide and crocidolite asbestos for 4 h causes a 4 and 6-fold increase over control, respectively, in NF-KB DNA binding. Ultrafine carbon black (125pg ml-') also enhances NF-KB DNA binding in A549 cells approximately 2-fold following 4 h of exposure. No NF-lcB DNA binding was detected with UFCB at 1 or 2 h. Using immunofluorescence microscopy, we demonstrate nuclear translocation of NF-KB following 4 h of exposure to UFCB (l-50 pug ml-'). Furthermore, UFCB was shown to induce a 1.5-fold increase in NF-lcB activation over control in A549 cells stably transfected with a KB-luciferase reporter. Our data suggest that the ultrafine component of carbon black may be important in activating NF-K-B which may in turn mediate induction of pro-inflammatory mediators in epithelial cells. Paraquat is a redox reagent and it is proposed that its toxicity results from lipid peroxidation. Reports indicating that DNA damage is responsible for paraquat induced toxicity in Ehrlich ascites tumour cells (Peter et al. Biochem Pharmacol 1992; 43: 705-715) and HeLa cells (Tomita Redox Rep 1996; 2: 19-24) have appeared recently. As lung is the critical organ for paraquat toxicity we have studied the ability of AM and type II cells to withstand DNA damage after their exposure to paraquat. Strand breaks and oxidized bases in isolated cells were evaluated by comet assay.
The background level of strand breaks was five times higher in type II cells than in macrophages even after 48 h of in vitro cultivation and therefore probably does not reflect trauma suffered during isolation. On the other hand, the presence of oxidized bases was revealed in macrophages, but not type II cells. The relatively high level of endogenous damage in type II cells suggests that they are inefficient at DNA repair, which would be consistent with their probable role as progenitors of lung tumours.
Different concentrations of paraquat (O.l-10~~) were added to cells immediately or after 24 h cultivation and exposure lasted for 24 h. Both cell types respond to paraquat with an increase in strand breaks, which was significant in concentrations as low as 1 ,UM. We can speculate that susceptibility to DNA damage, rather than lipid peroxidation, is likely to be the cause of paraquat induced death in these cell types.
This study was supported by EC Contracts IC15-CT96-0314 and CIPA-CT94-0129.
Cadmium The lung is one of the main target organs for cadmium toxicity. Both production of reactive oxygen species and disturbance of the calcium homeostasis is suggested to be associated with cadmium toxicity. Cadmium is reported to induce apoptosis at low concentrations and necrosis at higher concentrations in a human T-cell line. However, relatively little is known about the mechanisms involved in cadmium pulmonary toxicity. We have established an in vitro system of proliferating type 2 cells and Clara cells isolated from rat lung, which was used as a test system for studying the toxic effects of cadmium acetate. Apoptotic cells were identified microscopically by nuclear fragmentation and DNA condensation after staining with Hoechst 33342 and by flow cytometric analysis of cells stained with Hoechst 33258. Nuclear fragmentation typically for apoptosis was also demonstrated by DNA electrophoresis. Cell viability was assessed by uptake of propidium iodide. Expression of the apoptosis modulating proteins, Bax and Bcl-2, was studied by using the Western blotting technique. Cadmium acetate induced apoptosis and necrosis in Clara cells and type 2 cells cultivated for 2 days. Apoptosis was induced at low concentrations with a maximum level between 6 and 30 ,UM cadmium acetate. The viability was gradually reduced with an increase of the cadmium acetate concentration.
Exposure to 100 ,UM cadmium acetate resulted in necrosis of nearly all lung cells. No significant nitric oxide production was observed after cadmium acetate exposure, indicating that this pathway was not involved in cadmium induced apoptosis. The levels of Bcl-2 in Clara cells and type 2 cells were not changed during 20 h exposure to 10 ,UM cadmium acetate. However, the level of Bax was higher both in Clara cells and type 2 cells after exposure to cadmium acetate for 12 and 20 h. Thus, it seems that the ratio between the protein levels of Bax and Bcl-2 could be important for the cadmium-induced apoptosis. In airway epithelial cells, nitric oxide (NO) is one of several potential inflammatory mediators produced in response to oxidative stress, and after treatment with tumour necrosis factor a and interferon-y (Berkman N et al. Immunology 1996; 89: 363) . Nitric oxide is found at increased levels in the exhaled air of patients with asthma during episodes of bronchial hyperreactivity. It has been suggested that nitric oxide may perpetuate pulmonary inflammatory responses favouring the stimulation of Th2 cells and by inhibiting the production of interferon-y (Barnes PJ, Liew FY. Immunol Today 1995; 16: 128) .
In this present study, using S-nitroso-N-acetyl-penacillamine (SNAP) as an NO donor, our objective was to examine the effects of NO on the ability of THPl cells, a human macrophage cell line, to phagocyte anti-Rhd antibody-coated red blood cells. Without SNAP treatment, 31% of the THPl cells phagocytosed between one and 15 erythrocytes. This figure fell to 9% after SNAP treatment (100 pg ml -'). Nitric oxide also diminished the induced up-regulation in expression of cell surface MHC class II molecules produced by interferon-y in the same cells from 63% to 3%. Much is known regarding the consequences of exposure to toxic agents for lung function. However, mechanisms of respiratory epithelial cell damage and death and the identity of the cell types involved in regeneration following toxic insults remain unclear.
AIM
We have established an in vitro lung slice culture system applicable to both experimental animals and humans in which pulmonary tissue is exposed to toxins and subsequent epithelial damage and regeneration examined in situ. Briefly, following lung tissue intlation with a 0.5% agarose solution, 0.5 mm thick slices are prepared and incubated in a defined serum-free medium. Solutions of toxic agents are added and then removed to facilitate cell repair.
RESULTS AND DISCUSSION
Altered tissue architecture, decreased PCNA expression and increased nuclear TUNEL staining and lactate dehydrogenase release were found in control slices cultured for 1 day compared with 8 day control cultures. This indicates that some cellular damage is incurred by the tissue slice, .possibly during procurement or as an initial response to the in vitro environment, and this damage is subsequently repaired during adaptation to culture conditions.
Exposure of lung slices to 20 ,UM or 200 ,LLM cadmium (Cd) increased shedding of Clara cells and subsequent apoptosis. In addition, PCNA expression was absent from Cd-treated slices over 8 days in culture and ECM protein expression was reduced. This suggests that the effects of heavy metal toxicity may operate both through cell shedding and death and also be interrupting pathways of repair and regeneration. New York: Marcel Dekker, 1995: 47774) .
In this study we analysed surfactant from tracheal aspirates in paediatric bronchiolitis patients requiring ventilation and controls (patients ventilated for non-respiratory conditions). Surfactant activity of these samples was examined by the 'click test' and was found to be deficient in patients (Skelton R, Jeffrey H. Pediatv Pulmonol 1994; 17: 3833389) . Therefore we examined the biochemical composition of these samples. We also looked at how the surfactant components altered during the recovery from bronchiolitis.
The phospholipid composition was analysed in 50 samples and in all cases the PG composition correlated absolutely with surface activity. During the acute phase of illness there was absence of surfactant and total absence of PG. During recovery surfactant function normalized and PG was found. Surfactant proteins B and C were analysed semiquantitatively by dot blot analysis and expressed as a percentage of control samples. There was no overall trend in SP-B and SP-C content during bronchiolitis.
However, there was considerable variation between these protein levels during illness (these levels being 20&160%) of standard aspirate levels. This variability was not seen in controls where SP-B and SP-C were 80-100% of starting values throughout the time of ventilation. Surfactant protein A was analysed by Western blotting and no detectable change was observed during the illness.
Phosphatidylglycerol, SP-B and SP-C are believed to be important in formation of the surfactant monolayer and, when the normal levels of these components become altered, the normal functioning of surfactant will be impaired which could cause respiratory distress. However, in the case of viral-induced bronchiolitis, our studies indicate that it is the PG component which is important. Following damage to the lung, the type I pneumocyte may slough leaving exposed basement membranes, which can result in oedema. The type II pneumocyte has the ability to migrate, proliferate and differentiate and it can be used to repair this damage and so to restore a normal epithelial structure. However, abnormal repair processes may occur resulting in formation of abnormal epithelial types. Currently, the mechanism of normal-abnormal repair and biochemical markers of those processes are poorly developed. This investigation aimed to develop an animal model of epithelial damage and repair in which the epithelium either returned to normal, or gave rise to abnormal processes.
Sprague-Dawley (CD) rats received either a single (i.t.) instillation of 0.5 ml 0.9% saline (1 U ml -') (n= 14) or a double dose of 0.5 ml bleomycin, the second dose being 7 days after the first (n=l4). A control group received vehicle only (0.9% NaCl, n= 12). Investigations were made 7, 14 and 35 days after the last dose. Lungs were removed en bloc and the right lobes processed for electron microscopy. The left lobe was cut into 0.5 mm slices. Slices were incubated with 19 PM putrescine and 1 ,UM ['4C]putrescine for 30 min. The amount of activity accumulated was determined as a measure of putrescine uptake. Results indicated that during repair (day 7) putrescine uptake (nM per lung) (54=3.8 single and 118 5 10 double doses) was significantly higher than control (34 f 2.7). By day 14 only single doses (51 =t 3.8) remained elevated. These changes correlated with measures of permeability (total protein) and damage (y-glutamyl transferase). Pulmonary surfactant was isolated from lavage samples and the surfactant protein and lipid composition was assessed. We found an increase in phosphatidylcholine (PC) in single-dose animals (58 + 4. This study was to determine whether the maturity of circulating neutrophils, determined by nuclear morphology, was related to the previously observed reduction in superoxide generation in neutrophils from patients with cystic fibrosis (CF) at the time of a pulmonary exacerbation [Nixon LS et al. Thorax 1996; 51 (Suppl. 3): P130]. Neutrophils leave the bone marrow with a single horseshoe-shaped nucleus (band form) and the nucleus becomes increasingly lobed as it matures. Six patients with CF were studied on presentation with a pulmonary exacerbation and again after 2 weeks antibiotic treatment. Age and sex matched controls were also studied. Neutrophil count was measured by Coulter counter. Neutrophils were assessed as band two, three, four and five lobed microscopically from whole blood smears. The superoxide generation in response to N-formyl-met-leu-phe (fMLP) and phorbol myristate acetate (PMA) was assessed by reduction of cytochrome C by isolated neutrophils.
The percentage of band cells was greatest in patients on admission, 37.9% falling to 26.5% at the end of treatment. Healthy control levels were 19.3%. When expressed as an absolute count the results were 2.12, 1.88 and 0.86 x 10' l-' band cells respectively (P=O.O23, patients before antibiotics to controls). Nuclear lobes number was skewed towards band form in patients with a pulmonary exacerbation. The C reactive protein was 14.13, 4.07 and 0.76 pg ml-' in the three groups, showing an accompanying host inflammatory response. The response to fMLP was reduced in neutrophils from patients with CF at the start of pulmonary exacerbation compared with non-CF controls (P=O.OOS). The response of CF neutrophils improved after treatment. The percentage of band cells was inversely related to the superoxide generation in response to fMLP after treatment (r=0.9429, P=O.O17), but was not significant at the start of pulmonary exacerbation. The response of neutrophils to PMA was the same for CF and non-CF subjects before and after treatment, and was unrelated to the number of band cells present. This suggests that the band cells produced less superoxide than more mature neutrophils in response to fMLP, which acts via cell surface receptors. This work is supported by the Cystic Fibrosis Trust (U.K. Inhalation of respirable fibres such as asbestos is known to cause mesothelioma and lung cancer in humans. Man-made fibres have been developed which were hoped to be without pathogenic effects. Using the MTT assay, we have tested the cytotoxicity of naturally occurring (long and short fibre amosite), and man-made (RCF-1, RCF-4 and MMVF-10) fibres on freshly isolated primary rat alveolar macrophages and type II epithelial cells. At low doses (8.24 x lo6 fibres per million cells), none of the fibres used appeared to be toxic to primary rat type II cells (or A549 cells) when exposed for up to 18 h, whereas long fibre amosite and MMVF-10 were significantly (P<O.Ol) toxic to alveolar macrophages, even after only a 6 h exposure. As oxidative stress is thought to play a role in fibre toxicity in viva, we also tested the effects of these fibres on the levels of anti-oxidant glutathione. After overnight exposure, long fibre amosite and RCF-1 caused the greatest reduction in glutathione levels of type II cells (from control values of 1.16 nmol per lo6 cells to 74% and 64% of control, respectively). Short fibre amosite and RCF-4 also decreased glutathione levels, but to a lesser degree (92% and 80% of control, respectively). Glutathione levels of alveolar macrophages were lower than type II levels (around 0.38 nmol per lo6 cells) but appeared to correlate more closely with fibre-induced cytotoxicity.
We concluded that fibre length does play an important role in the pathogenic effects of these fibres, lowering anti-oxidant levels and thus increasing susceptibility to further oxidative damage, and that this effect is not always related to in vitro toxicity.
The effect of matrix metalloprotease The epithelium is important in maintaining the structural and functional integrity of the lung and is involved in the response of the lung to matrix remodelling in inflammation. Matrix metalloproteases are recognized as critical enzymes in the degradation of matrix components, such as proteoglycans. MMP-3 was originally described as 'proteoglycanase' by its ability to degrade proteoglycans in cartilage and has more recently been shown to cleave proteoglycans localized to cell surfaces and basement membranes. The exact role of MMP-3 in lung inflammation is yet to be determined. This study tests the theory that proteoglycans are expressed by the epithelium and contribute to its barrier function. Therefore, the effect of MMP-3 on epithelial permeability was investigated. 16HBE140-cells were cultured on coated permeable supports for 7 days. The transepithelial resistance (TER) of the cells and the apparent permeability coefficient (Papp) of ['4C]mannitol were used as markers of permeability. The effect of 20 ng ml ~ ' MMP-3 applied apically to the cells for 2 h was investigated. The TER and Papp of mannitol for control wells (n=12) were 225&5.55Qcm2 and (6,29+0,22)x 10K6cms-' respectively. The application of MMP-3 to the cells (n=12) significantly (P<O.OOl) reduced the TER to 100 + 7.68 Q crh2 and increased the Papp 2.5-fold to (15.45 & 0.77) x 10 ~ 6 cm s -I. In the presence of 100 pug ml ~ ' heparin (n= 12), the effect of MMP-3 on permeability was significantly inhibited so that the TER (238 f 4.33 siz cm") and the Papp [(7.77 * 0.22) x lo6 cm s-'1 were not significantly different from controls. These results show that MMP-3 reduces the integrity of the epithelium and therefore may be an important mediator of epithelial damage and further indicates an anti-inflammatory role for heparin. Suspended particles have been associated with morbidity and mortality in several different locations under widely varying conditions. Crystalline silica particles have been found to induce fibrosis and cancer after long-term exposure in a working environment.
Less is known about other types of mineral particles used for industrial purposes. Here we examine the effects of different types of mineral particles on the human epithelial lung cell line A549 at confluency. Cytotoxicity was measured as the release of LDH into the medium. As pro-inflammatory marker we measured IL-8 using ELISA. The particles were characeterized with respect to size distribution (PM,,), surface area, metal content and mineral composition. Some mineral particles were able to induce a very strong increase in IL-8 release with maxima up to 160 ng ml ~ ' medium per 35 mm well in 40 h (40 x increase). Particles of similar size distribution (PM,,), containing minerals such as epidote, chlorite and amphibole, were the most effective to induce an IL-8 response, whereas particles consisting almost exclusively of plagioclase were less potent. Silica, in particle sizes PM, and PM,,, induced considerably less IL-8 than the most potent particles. Particles also exerted a cytotoxic response at high concentrations, but the pattern of potency differed from that for IL-% In conclusion, mineral composition is an important factor in exerting inflammatory effects and may be more important than particle size. The financial support from the Research Council of Norway is gratefully acknowledged. We have examined the apoptotic effect of NaF in confluent A549 cells, a human lung epithelial cell line, and studied some of the mechanisms that might be involved. Apoptosis was examined by flow cytometric analysis of Hoechst,,,,,-stained cells and by analysis in a fluorescence microscope after staining with Hoechst,,,,, and propidium iodide. NaF induced an apoptotic effect with a maximum (lo-15%) at 5 mM as measured by flow cytometric analysis. The apoptotic effect was partially abolished by cycloheximide treatment, indicating that protein synthesis was required. Addition of AlCI, facilitated the induction of apoptosis by fluoride, and deferroxamine (an Al3 -chelator) partially inhibited the fluoride-induced response, suggesting a role for G-protein activation. To examine the role of different G-protein-linked signal transduction systems, the effects of stimulation and inhibition of protein kinase C (PKC) and CAMP-dependent protein kinase (PKA) were examined. A PKC activator (TPA) was without effect alone, but enhanced the NaF-induced effects. In contrast, TPA pre-treatment (inducing PKC down-regulation) nearly abolished the NaF-induced effects. PKA inhibitors also modulated the effects of fluoride. In conclusion, the present findings show that NaF exerts an apoptotic effect, via a process requiring protein synthesis. The apoptotic effects seem to be mediated via G-protein activation with an involvement of the PKC and PKA signal systems. Dithiocarbamates are chemicals widely used in the form of pesticides, therapeutic agents (in immunotherapy, for alcoholism, heavy metal poisoning) and as scavengers, absorbed through the respiratory system. In a cross-sectional survey these compounds were shown to significantly increase the prevalence of bronchial asthma, in addition to causing respiratory irritation,
EXPERIMENTAL
The pulmonary toxicity of sodium diethyldithiocarbamate (DDTC) was studied in male rats (SPRD, doses: 3 or 0.3 mg kg -' body weight) after intratracheal instillation on the lst, 3rd, 7th, 14th day or 1st and 3rd month by morphological and immunological methods to answer the following questions: (i) Can DDTC exposure cause definitive pulmonary damage? (ii) If so, what pulmonary structures are injured? (iii) How does DDTC influence the production of pulmonary immunoglobulins?
RESULTS AND CONCLUSIONS (i) DDTC induced chronic interstitial inflammation and fibrosin with destruction of the pulmonary elastic network, depending on the dose, by the end of the first month. (ii) DDTC gave rise to permanent injury in the membranes of alveolar pneumocytes with simultaneous hypertrophy of pneumocytes of type II and the development of transitional epithelium after 3 months of exposure (at higher dose). (iii) It caused an increase in pulmonary immunoglobulins:
IgG increased after 3 days of exposure, IgA increased by the end of the 14th day (at higher dose). The changes in pulmonary immunoglobulins were independent of general immunoresponse.
The above data underline the importance of the study of respiratory toxicity of pesticides, because the subacute and chronic effects of these agents have not been studied so far.
